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4*3 ^3 -§-^o]|fe ol^-fil &3l£.£ ofl^l °144<&4:4 _9.-?£]31 SiCf. ofl-1- S.^ 3^ AV<yo)]A^ ^ ^-g-ofloj 
H-^fe -n-^ ^ jltt4M3 ^7)) 61444^3 Aj-g-^. ^.^s>S $44. 7143 ^-g-oj], ofll- S.^ i£Eflxli:E 

71, =^4, el£^.efl3l 2,000-10,000 psig3 ^^^1^ 4-8- (POU)«.S. *i43Tr i£3l£5. (UHP) ^31 °144 
4^1- €5.5. 431 $44. ^43 3^<Hl^r <4* #<a 4^ iLTd, £^ 344 ^ ^4 ^ Cf^o^ ^o] 

jl<y- °)444;fc-I- ^sv h o v^ ^ <£#}3.±r ol^-tl-Ejii. i^o] ^ oj-sj os ^3g ^o) ojtK ^el 

4, Jl<y-<L.sL3 <>1 444^3 3g3g s.^ D] ^ ^Sj-^i, 43.4£ ^--§- ^^--o|| JjL <y^. ^ 54 

4. 

35-°fl 7)]^£l7ll4 J£fe 44M1 ^cH*!, 4~§- *?43fe °1444:£3 ^,g- Aj-t£ S ] ^t}. ols^^j. ^ 

4-, 4* 33 0-3.-^3 3] °1 444^3 7fl£4<H| 2)5><^ ^3 ^^Aj^- 7)143^ ^ Ojcf. 

433 ^ S-eH £"4-8: i2^S 314 7>i ?! on^l^ *}il ^ o]* ^4 3)^ tflS^olcf. 

d]^- s-3 ^16,023,933^1 4.£*ti *fl^4 ^-§-°il# 34 67,000 psig 343 £lJl£s. (UHP) 4=? 

7^# #44 ^ Sife a o V>aol 7flA]Hlol 5^ 4. ojE-lt!- ^"HHxr 31<£5L 7li7l oHj}. Aj-E)] S *)]^5q<>| 7 1 4 -g-7l 

£- ^34 ^, °-34 7>i» 34337H #44 7l43xfl°113 7><144. f-A]13 7)47)oflAi °_«*|l7> 71^-51^, rfc 

33 oj.^, 10,000-67,000 psig3 433 ^1334. 3317} 4 H 3 AS 3434 £4^ -fh^-i- #3 44°ti 

4-§-44. 

n)^- j§l^ 7)16, 327,87251 life 750-1,020 psig^l ^^■Hl^i ^ o.s ^Jfl oIaj-sj.^^. 7flAls)ol 

''lSl^ ^e^^S- ^*)1 ^l^Sl-'Elill- ^^j ^-715. ^^"t!- ^, ^7H1 *J-?r*! ^*fl olAj.gj.Ej-^S. 7}^}cr\ <?]• 

^■t-^7i-Ai?i4. -s-^i^ 7>i^- ^3irsi «y 74i oi4 v °fl^ *i^m ^-9-, ^*fl ^l-a-^-^i- i^^i -e-^s ^«-*> 

31, °J]^l ol-ar^ife AV-g- ^1^ c-i o]aj. ^sl*! ^Tfl ^4. 

WO03/033114A1 ^ WO03/033428Al°1] TfllS) aVS).^^ ^ ^cj.o_ s .«. E ^ 4^rS)^ ^-§-* ^tt C0 2 <g^ifl 

^ Al^Eflol 7flAl£)<H 5iCf. ^Tfl 1 olAj-3) ^^tfl anfl Aj-^y^ as. zjig Aj. £ ^ *.aV ^ S-^. i 

^^4. 4^ -B-##* zl-^51 ^-g-^oji o]^^ ^Aj^ + -H-##^r ^l^-Sl-4i ^J^- ^^--g- i«"?l 

4. l -^-##^-si 2j<H£ Ha C0 2 ^ ^1^ 3-§-*fl^ ^1-<^1<=H1 ^^l^fe zilis) 4^-1 ^ 

M^l^cl. WO03/033428Al^lfe ^luWl€ ^^3>7l ^1*1 ^]2S] ^1^^.^ ^cfo] A}J g. 0 ] ?1\a)s\o] 

5S4. 

31^<H1a-1 uhp 3i<a- onsil °l-tl-a}-44;» ^^431 4-§- ^1^5.S.^:E1 ^V*^ Bi)7hi# ^ sife 4-§-4^1 & 

ai^ej^i en*}- ^5.7} #7)1431 $U4. 

«V^o) ol^-JL4 4fe 71 #21 4^)1 

^- H^-a: 3i «a- -5a? ^ii <>i<+si-4^# A o v, a-ii4 fe^a- <a-^, ■f-^-^i^-s.^ 2,000 psigi4 ^-^ ^l^^-s. ^it 

471 *^M1^<?1 *^o)l 71711^ ^5fl2l «o^°ll4£l 7llAio|| ^ ^0)^. 71^-2)0] H^^ ^ ^Aj-J).^.^ J7^ 

-8-7lvfl<HiA-i *\o]z. ^f-^AS 314^-1 ?lfe 4?11, 314 -§-71#o)1a-i jiAj- 01^^^ 7V<i4^ 3l4 ^-7llflo)lA-l 

^7|-Al?l^ ^711, al^ oJj^)l olAVS).^^ Jisj. ^. 7 | S .«. E ^ Hfl^sl-fe ^Tll ^ 31"^ ^Sfl °1444i» 4* ^1^-2- 

sL ^i^4fe 4^1» i444. ^ol444^« 4-§- ^1^ °-S-?-e^ S)^43i 314 -i-^l^^Aisi 01^^^- «.« 

^^.S 314^17)^ 7fl a§ 47)1^1 -M^147l W 71)^^. 

^lc.lAj-Sj.Ej.^ &7 ] ^.^cl <?]S15. #4^1^ B)l7}-rii^<Hl 4-^-4 4-§- ^1^* 5.^^171^ ^Il7l4fe 

4711, 
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S3 *7l333 °1 333^3 aj^SL «.^-aj 3L&*\7]7] 33 23333 2^- 33.53-3 33 o| aJ.^.eJ-^s. ^ 

3 7l5}-33fe 33, 

S3 %-7]S.^S\ Bfl# 3 333 °13$-34i* 5^|7>>iaf ft^W 33333i *|33fe 33, 

6l33-f*^ 3^ 33 33 -2-3. 3^3 3 fe 33, 

$t 3^ 33713 ojo^s f-^Al^ 3=33 ^<*#* 333fe 33 

^Tfl, 333 7Vi# SSJ- *7|3 ^Hj 3-ff-ofl Jf33fe 33* £333. 

°lei3 33* 333 3^!* 333, =l oflafe 

• ojj^l olAVSj-El-^S. AV^- ^l^Og 333 JL, 37.3 -§-71^31 «33J^1 «1 ^^-^Sl S3* 3* 3 3 0. 333 3 a\]7}^2) S] 

^3 ^g-3 £.33 3£33 *33fe 

3*33 S3 UHP ^3 C0 2 33 3^3* C Q 2 3£-<g- Al^Eji!). O|^0] jt,^ 3-^33 ^ 3 

.Aj-g- 333 3-ffofl *|$ t£ fe fS^A-lf 3*3 ^17} &S, 333°-3 <y33 3-§- 3333 3* 3 3 *J 

7)13 3*11 333J-33i-tt# 333 3 Slfe 3, 

••aj^l 33-33^* s3 33:33415.3 333 3* ^l^AS^ 33333^3 ^ 3 =oi 33. 

333 33 3 3* 

71^-^3 -g"33 oltffl* f-71 £33 32;33. 

£ 1* 3*33 &fe 3* 3^33 ;£S££ 33 £>1 333^3 33 3 3)1 oIa].^^.^^ 33-1. 33 333 3 

i^jt £333. 

3333 *3°fl3, i?] 33 33 3 fe£ 33, °fl# *3 300psig3 33 33 3 -5T3 *££l 33 °| 333^31- 
33 (100)* 333 t3. C0 2 •g-g- 3a. (102)3. 3333, s:f , 3333i# 33(104)* fs^ la co 2 33 3a 

(102)333 71171*1-31 ^1 Al^ej (106)0)1 7>33 3a C0 2 33*3 *33-°3 ^33fe i 1 -^!-* 7113*14. HI 

s s.^ Hitsii ^^o)13fe ^-§- fe^-^ ^3 3^ C0 2 <H1 71)^-3^ 3^.3 3 fefe .9.^33). ^##3 3^11fe 

3#3 3^, 1-3 33, *3 fe-i: sH 3-§-«iH)3 ^3fe ^3 3333^ 3* ^ 33. 

3 7)1 33-^, ^1333^3 33 (I08)°fl 333 33 3^3 (106)^.3.33 3#3^., 3« 33333 -§-^-71 

(110)^3. ^l^^^. ^3# °Jj3 ^Efls 333331, S3 33 (114)3 ^^-3fe 33 (112)* -1-33 33* 3*33. 
°J33., 333 (110)# -f 33^, ^3 *)^$ (loe)^-^^^^ s3 33 (114)3 *!3 #3# 333 3 33. sb13, s 
3 33 (114)33 °13334i ^7l3fe 3cfl3 33 °1333i# -¥- < y3fe 3°1 33333. 

jl3 37| (114H3, OJ J3 <^13334i3 ^'Ha 333* s333s, 3333 3333 s3 °1 333^7} 333 «fl 
33 33* 3^3^ 3*3. S3 3333^71- 3333, *37l7l- s3 33334i3 33«j A3 a& 333333 
333 ^fe 33333fe s3-°- ! i3 ^1333^ ^33, 3 *^133 333 333 333 (110)3333 ^71-3 33 
ojAVgi-eii-i- J13 -g-71 (H4)3 ^7V33. 333^1 <^13334i* s3 333 3*37l 33 ^3, s3 <^1 333^3 
3£fe 33 33H133 3333^3 3£33 3 1.5 3 3.7) 3* c >13. ^3 3^* 3^3^1 333, -f-3^-2.33 s 
3 33 314)3 333 3371, 3* 33 3 5H33* 71-33 3 33. 

s3 3333^1* ^3-5.3 3333^ s3 33 (114)333 33 33* 3^)33 ^33, ^3 33 (114)» 33 3 
i<3 3* 33 3371 (110)333 ^133 «t«L (5-333 ^*)* 333^ 3&133. 7>33 (J£Ai3xi ^3)3 333 
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«§-§- 7}tt5L, ZL*H 0 JH1-S. £.*Qa| 7>91, Zj- jLSH- -§-71 (114)vflSl A]|*)-§- <y^s>7ll -B-^l^V^^ o] 

°-5}*fl ^lti-^-^:^ 300- 10,000 psig nelJL «fl# #^ ^£r, ^nfl 77'FS\ £5., 

<gn ^rS. °i«HH (114)54-3 3^4. oie^v oj.^^. (114WH>H ol^s^i^l sg^ 

vflJf -Sr^oflAiS] -S^* ^ o.7)^l ^2 ^« «r 5U4. I&th UflolMfil ^ 7 ].-^ 

^4 -frJE >Sfl<HMS] ^ 7}^^0 S o)g M ^ .g. 7 ] (lU^oflA^ ollu]Xj2l Af-go} JE14. 

<a}*f| olAj.^^^ g^o] (H6)-i- **H 5LSH- -g-71 (114)S-¥-El «11#A)7|J1, 4^ Al~§- 43 (H8)J°S. ^l 1 *?!-^. 

^miS -§-7lvflofl J7*fl ol^^S) -g-8- -y-S-sVfe ^5L<H14 jql4 -g-71 (114)S^ oHsfl °l^Sj-€:4i 

«fl# ^ ^17H*V4. ^lelt!- "J-^^, J24 -§-71 (114)5^ oIaI^e}.^^ ^ oIaJ-^eI^s. on*,] 

°1 444^5. igA^ ofl*]] OlAlSJ.^4-5. 2, A) JUS])^. ^ OjcJ-. °J}*fl OlAlS).^^ tg A^ ^o)) O.^. Aj-gs}. 

^^£o))a-1 ofl^l 01444-fc 2} ^#-§-^14^5.4, :z4-§-7l (114)Ml^-fil "a-^-gri^sl efl tS. 4*1 € <r ^4 
-§-71 (114)5.-¥-El ol444^# ufl#Al ? )fe ^2- J74 olAj-sj-el-is on*,} 01444^5. 443-^5. Sfe 44 4« 

* "A ^444. 4^°1H 44 (118)^-5. Jl4 -g7) (114) xfl-?-2l 4#4fe C0 2 ^ 4^ 4 c-Iaj 
44 3Ml €4. A*$°} 4-S-47fl 44. 

4)^ aV-§-7V7V 0}3] A}-§- xjg ^J-go^A^ ^oj^] 0)444^ Al^-*l-J17l- 4 7J- 0 -, -§-7l (114)S.-¥-E^ ^ 

Sfl OlAV^E^S ^^lA^ ^^*1 7V^A^ ^OjT^l OlA}.^^ ^ ^.S)^0l A^A^^ ^.Oj^) AVgJ.Ej.^S. ^ ^ ^ cfl«. 

2:^741 olAj-s).^^ OJj ^) ^s). o. A>t! . on^j clAl^^o,] c]*}. cflsfl^old-. 

olE^eV ^<H1a1, =1h» a>-§.5V^1 ^ Aj-ol^ 7 flAl cj^l-^E-l Al^^nf. ol^ jis)- -§-71 (114H1 ^e^l-fe 

S\-^±^ A] ^Al^ol:^. gVt^, ^o]S. SSl-^ vfl-§-l- ^ ^7l-Sl C0 2 °11<^13^<»1 ^1^^. ZL^ 

*1 ^* ^-f , S^l C0 2 2l oJjAfl C0 2 S.^ tl 0 l -§"71 (114)3.-?- El 21 oB*)]o} ^)|7lfe oJjSll ^li*- ^^oflAi^ 

^ ^it seflsVTll ^4. ^>-§- ^1^ ofl^ll olAV^Ej.^ ^ll-g-^71 ^sV<^ ( jiaJ- oIaV^.eJ.^1. 5> 

q-^ alS}- -§-7lvflo)lAi i^lAl 7 l£S -g-^^- Al-gsM, ^H.* 7 flwj- ^ BlliflAl^lJ!, ^ns. A^^l ^-fe 

-fi-^-i- afl^ltb^. 

^- ^-^^l- 7l|Ai^ °- AJ-^- ^1^ (118)^.S?-El£l fllolAls).^ 71-^21 3\^Q, JLS)- -g-7| (114)^12) OlAVS).^ 

2^ ^-^421 *1H ^-^ol ojq. ^olAV^^ 7 > i€ - el-o] (120)* **F<^ a>^- (118)^:5.-?- El ^Tl^al, e] 

% ^ (122)515. m[ ^aVsJ-e}-^^! 7>«11a1 -M-^#-ir A>-§- ^l^oflA-i ^]7lsV£S. 

Cf. E1-9J (120)<=H1A-1 ^lolAV^.^ 7^0)1 $ 7 fls>fe -i-^-i-S] -S-^^l tt(-el-Ai ^Tlfe 7lAj-o|l l-^#S.-?-El 

o]j^2l -g-^ ^ ^-Bl# ^AlsJ-^ M>21- 7^-0) 7VCJ.SV711 ^el« ^ S17114 -1-^ #ff, Cfi ^ 

A o Vl ^^Sl C0 2 7V f^l-ff-SAi ^jpHl -fr^J (122)ilS.-?-El afl^sl^, s±*\ (124)^1^21 ^7lfi-2) <y-^^. o, 1# s.^ 

(110)21- ?J-2. -y-^a-cl-fe ^-Tfl ^14. ^.E^S-S, ^7)1^ 31°1 ^sl-i^-i- ^-&\<^ S\^Z}JL, ^^±^r cfAl 

^o.5 Ell-?lcf. 

^17V2] 2V^?V H)^- ATi* 2li5 51-71 21 & 2j^.O. S A^ 0!^^ cj-^ S] ^ -f-^-^ ^ «> 

^-3)^. «J-0}-Oiq. OlBj^. CJTIHIA^, JL$. -g7l (114)xfl2l ^ ^-Jg ^-g- -y-^ollA^ ^ Aj^ - 7 1 7} (1 2 6)* f-«H 

Hfl#s]Jl, o|^r l-'S 5~10psia-Hl sfl^sl-^ £fe 0)114 ^ ^ «>l<4S|-^2l 3^^ o}-ao) 75 psia 

3. -f-<a*2l E£fe -g-Sflal sg^t-AlTi iSl- -g7] (114)<>)1a1 ^Al^cl-. Sir, cfl 7l ^?J: S-£r ^^5-5. ig^- 

# ^l^Al^J ^ o^o.^ clfe ^#S>fe u>2l- ?J-ol oflui^l s^ol ^S^lfe ejrcl-. ^-^3] £^ ^-sll^ ^%V<H1 sl^o), 

2^ -g7l (114)^21 ojAj-slE}.^ xfl-§-#2l -?-^- J151- ^ ^-J£o)]AH2l ^-Aol ^-Al^Tll ^4. £tt f^lIS 

31 ^^V3)- Cfl^^j 0. S Jg-oflig-Sl 3^)^^ 7>i^-S.2l ^7>2l °^<>M al-g2jol ^oflA-1 -§-ofll-3l ^^^1 

til-^-3ls>Cf. *, 7 >2l oj)^^. ^. 7 ] (114)^1 ^-<ysl.^ li olAj.^Ej.^7). ± ^ ufl^l X1^A]7J 

q. -l-"??!*^ £fe f-^S^jil *g%2) 71^* A>^-sV^ J7^ -g7l (114)vfl2) ^9^7121 H7l ^ ^ ^*\% ^\^\ 

4^ (124)^1^-1 2\}7\+ ^, El-'?! (126)°flAi J1S1- -§-7) (114)S.-?-El ^7l# 7fl^«-Al7)7l ^j^, f 1E)M1 

(128)« Af-gsH 4<y (124, 126)o)1ai21 f^7|l- ^-^ o}.^ o. s ^Al^Jcl-. si 1<H1 ^^\^\, flJ)]^ 

(128)fe 2 'S-Tll ^-=EflA-1ol4. AV^- (118)^5.21 ^-71 ir#* "o^lsW Cfl7l^^.4 l-Aj-^jol 5}.OJ 
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1- ^si-Ji, "If #=5)1^ (128)31 ^)2S] u}7i]o)l Jf- 0 Js>ja, ^W-l- *3 ^iS. «S-*M ej-o] (i26)°)Ha) ^7l» 
el--?} (124)°11^S1 ^7>iSl ^^1?]^ 2#s) ^ <y-^ o_s. ^€4. ej-<y (126) °-S^-e1 <g3. 

# = 3H (i28)^<HlAi^ svq-o] ^7>sl ^JaIsm #H3H Q28W1 «r XI 

^ tW^. ^«*Hrfl| Sfl°H, B}°] (130)* f-*H (128)3.^3 TflTi*} 

al, 7Hrtb ofl^ifl flrSHri W -H-^ (132WM 

-§-°Wl ^ 51 uj-sf 34 o-xjj ( 10 6, 122, 132)* 4 *#<H) fl-fr€ S-£S-4M3 tf * 

^*fl# ^A|s> 7 | 4J« o)e| 7M|o) ofl^a^ ^]"8-«4. ^ifl-H, 3 7^5] ^afl A^^O] £. lo)| £A)5}<H o} 
SL*\, ^'JHI*! H>BJ-2]5V4. Zie^m, ^*|7lS] tf&Al^jl. ^-^oflAi o| -Sij-Aj 3^ ^ o^cf. 

<m* -4-§- ^l^AS.-?-Ei BiH^sl-Ehii^ ^lfe tM** *1^ ^ 5l-2.nl, *]el« ^fl- <y^€ 

^S) ^aflfe 7 >i# 213SV7H A)^«) ^ A^o)*! ^l JflAS ofl» 13 -fr 

y (106)^)1^31 7>^S} ^fe, ^^S>J17.> Sj-fe 7>iSl Sfl^o] #7f5lJl 13 ^-§-^3] ^-£#o| 

-§-71 (114)5. ^-E^ jg^-S f^S-^ ^1715171 nj|-g-«11 H>^-3jS|-^ &Cf. ^^WS, JL3} -g.7l5.JfEj S] ^7|# Aj. 

-§- ^1^ O.S.-¥-El£l BflOlA].^^-^ 1-^5. ^<gAl7]^C)l fto]*]^ OI^O] ^Cf. ^^O] ^oflAi, £Al^. H> 

4 ^ Z^S] ^^)l^m 5J°1 El CJ^SV71^ 5>uf, *#S1 ^^1# ^ ^ ^1-8: ^^°11 fl^T 

Sl^^°14. 

^^1 ^ (132)»flo]|A^ ^^1^, #7lfe e}-«a (134)* fsH Afl7l£l<H alS)- *7l (114)31 ^ cfA] ^.vfl^lcl-. 

51 lofl SAltlHVfil- §Ol,^7l7V -l-^-Slfe -§-^7) (110)S CfA] ^.ifl^Cf. ^SlS, ^^|« 13C0 2 ^-^- ^3 

(102)5. iLifl^l^l°1;, o)fe ^-^ (106)0)1 Aj-^S_V 7>SV7fl * ^ (134)^)1^31 ^7)^Sl o)AV^.^-^ 

13 C0 2 ^•^•#«)1 ^.^#^1 ^Afl^xl S>7l nfl^ofl AJ. 7 ) 4 ^-o) n|A| 5J-a rf^^j 

(57) ^-7-3] ^fl 



1. 

olAVS].^.^ ^s). ^. 7 ] S oj-^ R) ^.ioflA^ ^-<ys)-fe ^7)1, J1S1- -g-7lvflcH|A-] olAj-S).^^ ^ £ olS}- 

^Tfl, SLS[ £7]Vj\°\]x\ JL^ ol^lSl-l!-^ "1-^11^ 7W\^ 2S1 -§-7lvJl<HlAi oj-a^- ^ 7 ].A]7lfe #7)1, JL9J- -^5)1 
SSI- -8-7lS.-¥-Ei ul)#Al7l^ c}-7ll ^ ol^ °}^^±^ A>-§" ^^"Sl-ir ^^11- Jl 

<a-°)lAi A>^- Jl-?]- OJ l^) Ol-tlSl-^^S ^^S)-^ « 0 V1°)lA^ 

31 -g-7lxflo)l^ olAV^Ej-^- al<H£ J1S1-A17171 3]1tV a^5H|A^ jig)- -§-7l3.-?-El <5»^ ol^Sl-^-I- ufl# 

^ 7lSM 7 ] fe ^7)1, 

J1SV *7lS.-?-E^ afl# Hi OlAj-Sl.^^- Af^- Xl^jO S «.EiSl 3)l7}:i3l- o}^-^^. ^ Aj *J. fe Cj 

silolAl^El^^oil ^-o.^ *)l7lS}fe ^Tfl ^ 

^>-S- ^1^ O.S.-?-E^fil ^lolA]-^.^^ AJ Al^l-Jl A 0 V 7 | 373]. .g. 7 ]ifloflAi OlAVSJ-El^^. ^0]S_ O.^. J7^- ^ &] 

sVfe 7flA| ^-Tilfil- ^71)1- ^J^. ^IO £ ^Vfe 
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2. 
3. 

*2nM Sa^^i, Jl^* 300- 10,000 psig HfliflSl $91 
3^ 4. 

*))3S<M) SSM*!, *7l^ ol^^rife -HSfl olAVS^i * °J]*)] °1 aV^-a^. <=l-f-<H^l #iH3S 

6. 
7. 

^. 

^T 1 * 8. 
9. 

?]JL, JUS)- -g. 7 ).g.-!fE-j^ olAVSJ-E}.^^ ^> 51i o|^. ^ <y-^ ^^lfe u o V, 3. 
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